A two-phase two-dimensional finite element thermomechanics and macrosegregation model of mushy zone. Application to continuous casting by Bellet, Michel & Fachinotti, Victor D.
A two-phase two-dimensional finite element
thermomechanics and macrosegregation model of mushy
zone. Application to continuous casting
Michel Bellet, Victor D. Fachinotti
To cite this version:
Michel Bellet, Victor D. Fachinotti. A two-phase two-dimensional finite element thermomechan-
ics and macrosegregation model of mushy zone. Application to continuous casting. Charles-
Andre´ Gandin and Michel Bellet, editors. Proceedings MCWASP XI, 11th Int. Conf. on
Modeling of Casting, Welding and Advanced Solidification Processes, May 2006, Opio, France.




Submitted on 14 Mar 2011
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de










































	'	 &'2 6 	  "  &"2 &   &"8
7"	 	''& 3 	 .' " 53 82 2< 3 (( '	
	"			'2&		82253	5	"		(7
"8'	'	5&&((	&)	7'-#7	:5	






((	   	 '  5	 (( 8' 	 	& 	
5'	"8	25""	5	"'	 $&	 	 '	5&3
		 53782	&*'	7	=2 	 5'5 	












	&'26  3 	  5	 ( 	 	2 5	
3  	 5	 73 	  "  	''  8 	 	&	 	
( 	 	  	 .',&'26 55	7 	3*"











 	23	#	 	&" 	&&	'&		3	 	
:	52	2",'	"		&&""&		5
<>&	 ?!@ 		'2	 	(''&'&	''	(>37 	
"	& 77  5' '"(3	&((	 .'	# 	3*&









.'	 5 	 &A	' 	 	 &"  5  "		7 &	2 7'&
)-8	'(	"	7((&	)		?DE@55'	
	''		-,52(2	&'2			'	
	3*" &'& ) 













=++⋅∇ ρρρ -)-) 



















 &&	'& 7	 , & 8 	 	 	5 8	3 "


















-)-) vv  )-
,"	7((&	55		8	&"32	&"(7(
.'	 8'	  	 8 	 ( 5'	  	 "5	 5 	&"&





#	 	 &"  	 .' &	  '& 	 87   &"8
3	5',A"82
IvεIsσ pp l −=−= -) µ  ) -
















ll gg vεvεvεsΣ  µµ  )C-
((	" 	&"87	72(	&"	'8&
82		*>55		'	7.'	4
Isσ p−= 3	 -)- ) 
 vεs  −= meqK ε  )!-




s pgp +−= 3	8(m&('5'	3	"		
				 -) s
s





















































	( 		  	3:/'3(	  ?
 @ '((	 	&"&	 ' &"&
3			78 "	( 	5 	:	3(8		 " 5
&5&	'	'		''	(
2((	A(5&&	'&Mk	'&5		8'	57	
	  "' ?D@ #'&( 		 	 	5 "'  8	 " .' 	
	7(7'5.'"'			.'			53(782	
23)	""&8	2Κ -374
( ) llslllsl gpg ∇+−Κ=−= vvMM

 )D-













-) ττ  Lhh sl += 	
83?@		)E-8		5&4








lp λρρρρ vvv  )
0-
'	 7	 $  5	 "" 	  7 '  "	 	 &
&((	 $	 "7  	 	 8	3 	 .'   7'&

























@#	  	& &	 	 '7 7	"8&  74 (2 '	
&&	'& ).'  -&&	'& & 7	  7 	(	
'(7	2*"'5&'	3	':3vlvspl

('" ")%&*%&"+!" 	'" &%"'&'!"

, &(' " 	 &" &"
"8&"	('
,
" 87  '&  ) 
=m   . )--
,.'5	'&'5&,"'
&"*&"*::&	 58	"
3	  &" 	 	 hVimp H=ε  , &
	   "  '"" 	 8 '  	
	 7	 5 		  '& "5	2
( # 2	 '	 ?@  	 	



























































































































'	A"('(' "		 		"		75 	
&		""		&'25	8'(2(3
"(8	3'""	&"&	(7,8$('3
	 5' 5 	 "&8	2 82 (  7	 5 	 2 	 &
"( λ 	5 λ '5	"&8	24		7


























































































































































	 "'	 	:  && $  	 ""2 	 	3*" 5&'	 	  	
&'2 6 3 "  	3 	" $  5	 	"   9*"*:; 	&*
&2 "5&?
C@, '	5 ''	  3 ('C
,3 	& 	3"	  	& 	&'2   5'2 	 


































'8&		 	 	 	 , "'  A" 5 	  :	 ) 0>⋅∇ sv -
	3	.'53	3		5	&'26728	3	3








































Distance from outer face [m] 
('   3	 	5 &(5	 5 8'(( 	7 7	2
7	 sl vv − 	&'25	8&	82	'	&

(( &((	 	 5 8 ((	 0cc −   "	  (' 
3(	8	25	&	"	'	"&5	)"	7-((	$	
3		(7	5			":5&	&5	83&(	
'	 5&(7	2  8 '7	'7 5 	 5	  	 &"	  		 	
'	 		  	 77 	 &"'	 7 5 &((	 & 	 8
(5	2 3 	  	2 7	 	  8 	'(	 		 	 '	 ' 8









0 0,05 0,1 0,15 0,2






















$ 	 "" 	&" 7	 .'	 5  	3*" 	''& 7 8
852 '  '&&6 # 	3*& 5	 &	 '	  8


















  &( 9+' '	( 5&((	4 "	  "	; $$K $	 C0
)000-D  *DC

 1 263 1 3	5( 9((	  	''2 	 	 84



















!  <>& #   / 	 9,3*" &( 	 	3 	 	(
5&	'&'&		(;		,#  )00-0D
*0E 




  	  		  /   ,	  8 9,3*" 	&*
& &((	&(5 82 2 5	3	 &"
	2(	(5	8	''	(;'8&			$	K'&	
()00!-





E  ""6  	  7 '& &(  &	  
(("((3N:)00 -







































		3  (	 82 	#(	' 5 	5  , 
)+$,-'(		2	8	2
